Abstract: Using household survey data from a sample of about 2305 households selected from eighteen states in Nigeria, this paper analyses the impact of irrigation technology usage on crop yield, crop income and household food security in Nigeria among smallholder farmers. The logistic regression estimate revealed that years of education, household size, rainfall information, access to credit, regional dummies are the main drivers of usage decision. The results of the linear regression with endogenous treatment effects showed that irrigation technology use is positively related to crop yield, crop income and household food security. In consistence, the impact analysis using propensity score matching (PSM) also showed a significant and positive effect of irrigation technology use on crop yield, crop income and household food security. We suggest to policy makers, implementers, and any funding agencies with similar interest to further capitalize and scale up the irrigation technology facilities, especially for the poor households, and create more awareness to improve the livelihood of rural households. However, despite the positive impact of irrigation technology use, we contend that other sustainable irrigation sources, such as rainwater harvesting should be used due to possible environmental impact in the excessive use of irrigation technology. Moreover, rained agriculture can be improved with other farming techniques such as agroforestry and soil and water conservation practices.
Introduction
In sub-Saharan Africa (SSA), agriculture forms the backbone of livelihood for majority of the population [1] especially rural households [2] . A larger part of this region is rain -fed prone to drought and desertification [3] . According to the report from the international finance cooperation [4] , it was revealed that growing population and changing food consumption patterns in SSA was estimated to necessitated doubling of food production in developing countries by 2050. Meanwhile, about 85% of the increase would need to come from higher crop yields and greater crop intensity given limited scope of agricultural land expansion [5] . However, the major bottleneck to further increase in agricultural production is the scarcity of agricultural water [6] . This has therefore informed and attracted the attention of national planners and policy makers to irrigation as a means of supporting future food production endeavors. As earlier stated, about 85% of the poor in SSA live in the rural areas and depend greatly on agriculture for their livelihoods. Yet agriculture in the region remains largely subsistence and production has not kept pace with population growth [7] , food self-sufficiency has declined [8] , farm families are locked in a low input low income system, with yields low and stagnating [9] , the household income required for food purchase to enhance food security is consistently on the low [10] . Furthermore, the erratic rainfall pattern also creates uncertainty for agricultural production and this accentuates the need for irrigation [11] .
In order to elucidate the concept of irrigation, we follow the definition of FAO [12] of irrigation as the supply of water to agricultural crops by artificial means, designed to permit farming in arid regions and to offset the effect of drought in semi-arid region. Van Averbeke et al. [13] also noted that irrigation water is applied to ensure that soil moisture is sufficient to meet crop water needs and thus reduce water deficit as a limiting factor in plant growth. The type of irrigation methods that majorly used by the irrigators in this study are divert stream, bucket, hand pump, treadle pump, motor pump and gravity. Historically, irrigation is a method for improving natural production by increasing the productivity of available land and thereby expanding total agricultural production especially in the arid and semi-arid regions of the world [14] . Availability and access to irrigation was considered essential for crop production, income generation, asset creation and expansion of development frontiers [15] [16] [17] . For instance, the success of the green revolution in Asia was achieved through rapid expansion of irrigated areas in the recent past, coupled with availability and access to new technology in form of high yielding varieties (HYV), fertilizers and tube-well and water extraction mechanisms [14] . Irrigated agriculture is one of the components of world food production, which has contributed significantly to maintaining world food security and to the reduction of income poverty 1 especially the rural households [15] . About 17% of global agricultural land is irrigated and accounts for up to 40% of the global production of cereal crops which is still on the increase [18] . In addition to food security, irrigated agriculture significantly contributes towards generating rural employment and maintaining rural livelihoods [14] .
Smith [19] noted that irrigation enables the farmer to control the available water throughout the growing season, which boosts production and reduces exposure to water shortfalls or seasonal droughts. In many areas where rainfall is inadequate, unreliable, or incorrectly timed, reducing the farmer's dependency on suitable weather patterns is important for the best production. However, concerns have been raised about the economic viability and social acceptability. World Commission on Dams in its report [20] on "Dams and Development" argued that irrigation dams have been less profitable in economic terms, destructive to ground water resources, displaced marginal and poor farmers and have made them landless laborers and ultimately driven them to become urban dwellers. However, the positive impacts of irrigation infrastructures could far outweigh some of these negative impacts, which can be potentially minimized or can be duly compensated through improved planning and management of irrigation systems [14] .
Specifically, increasing adoption of irrigation technology in Nigeria is an important requirement for increasing Nigeria's agricultural productivity [21] . However, Sani et al. [22] stated that despite the government's effort to expand irrigated areas through largescale public irrigation schemes, a significant majority of Nigeria's irrigated acreage is the result of small-scale private irrigation operations: "Small plots under the control of farmers using technology they can effectively operate and maintain". He further stressed that private irrigation systems across Nigeria are more diverse than public irrigation systems, as farmers design systems that meet their diverse needs within their agroecological and socioeconomic environments. Such diversities include their capacity to access water and distribute it to their plots.
Nigeria been predominantly an agricultural country with an estimated 98.3 million hectares of productive land resources (but just 900,754 hectares are irrigated) of which about 75 per cent is arable, and an estimated human population of over 150 million [1] ), which is predominantly agrarian [23] . Yet, Nigeria lags behind in its ability to grow enough food to feed its teeming population [24] which cannot be disconnected from low productivity [25] . Despite its importance, Nigerian agriculture has to a large extend not diverted itself from most of the characteristics of the peasant economy that was prominent in the pre-independence period [26] . Low yield, reduced income, food and fibre shortages resulting in under-nourishment of people and under-capacity utilization of industries have become the rule rather than exception. This couple with increasing populating pressure has resulted in food insecurity [27] .
Dessalegn [28] suggests that, where rainfall is insufficient and unreliable, rain-fed agriculture cannot fully support food production, thus investment on irrigation can help stabilize agricultural production and promote food security. In Nigeria, where poverty is widespread, rain-fed agriculture is no longer reliable for sustainable agricultural production in the country. Hence, the development of irrigation is crucial for sustainable agricultural production and for enhancing the rural livelihoods in the country. Recognizing that the full potentials of Nigeria agriculture could not be realized without the development of her water resources for irrigation, governments in Nigeria have adopted various irrigation development policies. However, majority of the policies have not yielded the required results.
As earlier stated, improved access and use of irrigation infrastructure will increase crop yield, agricultural production and farm income of a farming households. However, the nexus between irrigation use and its impacts specifically on crop yield, crop income and food security are yet clearly understood or reported in irrigation literature. Therefore, this leaves a vacuum to be filled by this study. A number of studies [25, 29, 30] have treated irrigation impacts separately and individually without credence given to their linkages.
More importantly, Mendola [30] and Awotide [3] observed that one of the main drawbacks of many past empirical impact evaluation studies is the failure to point explicitly to a causal effect of the adoption of agricultural technology on outcomes of interest. Most studies failed to establish an appropriate counterfactual situation that could facilitate the true identification of the causes of change. This raises the concern that some of these studies might have overestimated, underestimated, or reported impact where in actual fact there was no impact at all. In this study, the ability to assess what the situation would be if the crop farmers had not use irrigation technology (the counterfactual scenario) is an important condition for us to be able to provide a consistent estimate of the impact of irrigation technology use on crop yield, crop income and food security. To achieve this objective, we adopted the two main methodologies that have been widely utilized in the literature: Propensity score matching (PSM) and the endogenous treatment regression model. Against this backdrop, this study therefore examined determinants and the impact of irrigation technology use on crop yield, crop income and household food security.
Analytical framework and estimation techniques

Propensity score matching (PSM) technique
The PSM method was adopted in this study, first to generate control group and then to tackle the problem of bias due to selection on observables (overt bias). The PSM method has been generally adopted in the impact evaluation literature for many years. Among many studies that have utilized the PSM in program impact evaluation [31] [32] [33] [34] [35] [36] [37] [38] [39] . The PSM essentially estimates crop farmer's propensity to use individually irrigation technology and it is commonly estimated using the Logit regression as a function of observable characteristics of the farmers and then matches each crop farmer with similar propensities. The PSM produces a variable called the propensity score which is the probability that a farmer would use irrigation technology which is based on the farmer's observable characteristics. The propensity score (P(x)) is written as:
The obtained propensity score is usually used to create matched samples, uniform subgroups, and weight for balancing characteristics among the farmers and a variable for controlling or adjusting the data [40] . When farmers have similar scores (propensity), their assignment to the users is largely random with respect to relevant covariates, and thus takes the looks of a controlled experiment, thereby enabling us to accurately identify causal effects. The proficiency of the PSM is used to control for the variances in identified covariates that might influence the crop farmers' adoption decision. This is pivoted on the Conditional Independence Assumption (CIA) 2 which states that, conditional on observables characteristic of the crop farmers ( X ), yield, income and food security are independent of irrigation technology use written as: . Another vital assumption is the common support or overlap condition:
. According to Heckman et al. [40] , this condition ensures that the treatment observations have comparison observations "nearby" in the propensity score distribution. Only in areas of common support can inferences be made about causality. A balancing test has been conducted, that is, to ascertain if:
However, it is worthy of note that the estimation of the propensity score is a necessary but not sufficient condition to calculate the parameters of interest such as the average treatment effect (ATE), average treatment effect on the treated (ATT), and average treatment effect on the untreated (ATU). There is a need to search for the fit counterfactual(s) that match individual user depending on its propensity score. The nearest neighbour matching (NNM) and the kernel-based matching (KBM) approaches are the most commonly used matching methods. NNM pairs users and non-users with the same propensity scores, while the KBM measures treatment effects by subtracting from each outcome that is observed in the treatment group a weighted average of outcomes in the comparison group. The average treatment effect on the treated (ATT) is then estimated by the average of the within-match differences in the outcome variable between the users and non-users [41, 42] . The examples are as follows:
Linear regression with endogenous treatment effects
In order to deliver a consistent evaluation of the impact of irrigation technology use on our outcomes of interest, in addition to PSM presented above, the linear regression with endogenous treatment effect was used to account for endogeneity between use of irrigation technology and the outcomes. The reason owes to other bias related to unobservable characteristics of the farmers which cannot be controlled using ordinary least square (OLS) and PSM. As stated by Awotide et al., the endogenous treatment regression model is a linear potential outcome model that allows for a specific correlation structure between the unobservable that affects the treatment and the unobservable that affects the potential outcomes. Following the study by Heckman et al., we tried to unite the treatment effect literature with the classical selection-bias literature by considering a model of potential outcomes of the type attributed to Roy [43] . 
The following counterfactual choice variables are also defined. For any z which is a potential realization of Z, we define the variable T(z) = 1[ ≥ ], which shows whether or not the individual farmer would adopt the technology. The value of Z been externally set to z, holding constant the unobserved υT. This requires an exclusive restriction and denoted by Zn some element of Z which is not in X, it is possible for us to employ an individual farmer's probability of using the irrigation technology without tampering with the potential outcomes. Finally, we assume (υTυ1υ0) is independent of X and Z. If the observed outcome is:
The average treatment effect (ATE), defines the gain or impact of adoption of irrigation technology on crop income, crop yield and food security this can be expressed as follows:
Therefore, the ATE conditional on X = x can be expressed as:
The average treatment effect on the treated (ATT), which is the gain in crop income, crop yield and food security those farmers that actually select the adoption of irrigation technology, can be expressed as follows:
The ATE and ATT were obtained using the etregress command available in Stata version 14. According to the StataCorp (2013) [44] , the etregress estimates an ATE of a linear regression model that also includes an endogenous binary treatment variable. In addition to the ATE, the parameters estimated by etregress can be used to estimate the ATT when the outcome is not conditionally independent of the treatment and can also be used to account for heterogeneity in the impact of the treatment variable. The description and definition of all the variables used in the models is presented in Table 1 below. 
Data and sampling framework
This study uses household survey data collected by International Institute of Tropical Agriculture (IITA) in Nigeria for the purpose of evaluating the impact of various interventions on important outcomes of interest. The survey was carried out in the course of November, 2014-February, 2015. One vital aspect of any credible impact assessment is a randomly selected, nationally representative sample. In order to achieve this, this study adopted the multistage stratified random sampling technique in order to obtain a nationally representative data, and also to ensure that at least one crop farming household is picked from each of the strata, even if the probability of being selected is far less than 1. In addition, this sampling technique reduces sampling error and can produce a weighted mean that has less variability than the arithmetic mean of a simple random sample of the crop famers' population in Nigeria. The states in Nigeria were divided into homogenous sub-groups based on the hectare of land devoted to crop production. This gave five groups, out of which 18 states were randomly selected. The selected states contributed about 62.21% to the total land size devoted to crop production in Nigeria. This shows that the selected states are major crop producing areas in Nigeria and can therefore nationally represent the crop farming households in Nigeria, hence allowing a generalization of the results to the whole nation.
On the overall the sampling framework generated a total of 2305 farming households. In arriving at this sample size, account was taken of the constraints imposed by limitation of resources, the need to ensure a manageable and controllable sample structure and the three important levels at which data are required for any future agricultural development planning purposes, viz national, state and LGAs levels. Among many others, the survey includes information on socio-economic/demographic characteristics of the households, household expenditure on food and non-food, output for maize and other notable crops, and income from various sources also irrigation use. The data was collected electronically using the "surveybe" software.
We found that minority (12.70 percent) of the crop farmers used the technology. Though with little disparities, more irrigation user has experienced drought at certain period in their farming experience which is pose to be a potential reason to adopt irrigation technology. Majority of the farmers are male with mean age of 47 years. The technology users have more farming experience than the non-users and they have more farm size to practice the irrigation.
Result and discussion
Determinants of irrigation technology use: A logistic regression model
To identify the factors that affect household use of irrigation technology in the study area, the Logit model was used to generate propensity scores for the matching algorithm. The pseudo R-square indicates that about 10.6% of the variation in the irrigation decision model can be explained through the included explanatory variables. The overall model is statistically significant at a P-value of 0.006. Hence, the chosen observable characteristics adequately explain the probability of use. The signs show the direction of change in the probability of the farmers that adopted the irrigation technology given the change in the explanatory variables. A positive sign shows increase in the probability of adoption if irrigation technology while a negative explains the converse. The significant variables that determine the adoption of the irrigation technology are education years, household size, rainfall information, access to credit, regional dummies.
The model revealed a significant and positive relationship between education years and the probability of adoption of irrigation technology. This is suggest number of years spent in school by farmers will increase the probability of adoption of irrigation technology. This clearly depicts the role of education and literacy as a major determinant of adoption of technology among farmers in Nigeria. Studies [3, 45, 46] have shown that education plays systematic role in adoption of technology. This is consistent with prior expectation as more educated farmers have better knowledge on the importance of adopting new technologies. Household size was statistically significant, and it is negatively associated with the probability of use irrigation in farming. The possible reason is that household with larger family size can probably have other household expenses that can hinder the adoption of irrigation technology if beyond the household budget. Hence, households with larger household size can probably choose to participate in irrigation farming in the area. More specifically, a unit increase in household size will reduce the probability of adoption of irrigation technology by 31.09 percent. This is in line with the finding of Wetengere [47] .
Access to rainfall information was found to increase the probability of irrigation use. The positive coefficient of rainfall information implies that, farmers with more access to rainfall information were more likely to adopt irrigation technology. The probable reason can be associated to the fact that access to rainfall information can help the farmers to put up adaptation strategies against rainfall shortage as the agricultural production system in Nigeria is predominantly rain-fed [48] . Positive and significant relationship was found between farmer's access to credit and adoption of irrigation technology, suggesting that the farmers with credit availability have higher opportunities to engage in irrigation farming. One of the major causes of different rates of adoption is a differential access to credit among farmers [46] . Access to credit is one way to improve farmer's access to new technology and increase farmer's ability to purchase inputs. Access to credit played an important role in improving household livelihoods. Households with access to credit purchased more inputs (fertilizer, improved seed variety, pesticides, herbicides) than those without. Access to credit support also ensures that farmers can secure inputs in time. This leads to improved agricultural output, resulting in increased farm income. Machete et al. [49] suggest that one of the most critical problems threatening the viability of irrigation is the lack of credit.
The regional dummies included in the model are the South-South, South-East, North-East, North-West and North-Central and they significantly determined the use of irrigation technology in Nigeria. All the southern dummies (South-South and South-East) are negative implying that most farmers in these regions were less likely to adopt or use irrigation technology. The southern region of Nigeria is a humid-tropics region where there is more rainfall compare to the northern region [50] . On the other hand, the northern dummies (North-East, North-West and North Central) are positive and significant, suggesting that farmers in these regions are more likely to adopt irrigation technology. This is expected due to variation in rainfall pattern across regions, especially North-East and North-West of Nigeria coupled with social crisis in this region [10] . Northern region mostly suffer from drought which necessitate adoption of irrigation technology in order to enhance productivity and food security. Additionally, in the northern regions, there is easy access to big commercial markets particularly for exotic vegetables, which serves as an incentive for farmers [51] . Source: Author's estimation, 2017. ***Significant at 10% level, **Significant at 5% level, *Significant at 1% level.
Impact of irrigation technology use on crop yield, crop income and food security: PSM
We used the propensity score matching to estimate the impact of irrigation use on outcome of interest. The propensity score was operationalized as the predicted probability of use estimated from a logistic regression of irrigation technology on the predictors. To further test for balancing, that is, quality of match, a common support graph was drawn (Figure 1 ). This test is effective because it shows visual presentation of overlap of propensity scores between the treated and control cases. A larger proportion of overlap implies a good match of treated and control cases [52] . From Figure 1 , it can be seen that there is a considerable overlap of propensity scores between the treated and control cases; this implies that the match is good and balanced. The empirical results of the impact of irrigation technology use on crop yield, crop income and food security are presented in Tables 3 and 4 . It showed that the use of irrigation technology exerted a positive and significant impact on crop yield, crop income and food security (proxy with mean per capita food expenditure) in Nigeria. Specifically, the PSM estimate showed that use of irrigation technology significantly increased the crop yield, crop income and food security of the users compare to the non-users' counterpart. This represented the average change in value of the outcomes brought about by the use of irrigation technology. According to the Dowgert [53] , irrigated crop yields are 2.3 times higher than those from rain-fed ground. These numbers demonstrate that irrigated agriculture will continue to play an important role as a significant contributor to the worlds food supply. Our estimate is in consistence with this submission as we found that the average treatment effect on the treated (ATT) of the irrigation technology use on crop yield for the users was 1954.66 kg/ha for NNM and 2354.66 kg/ha for KBM, this shows that the causal effect of irrigation technology use on crop yield is between 1954.66 kg/ha and 2354.66 kg/ha. However, picking any crop farmers at random, the average treatment effect (ATE) was found to be 507.09. This implies that if any crop farmers in the population used the irrigation technology the crop yield of the farmers will be increased by 507.09 kg/ha. This result corroborates with the finding of Jin et al. [54] that irrigation technology use has a strong and significant impact on crop productivity with the dominant effects on cropping intensities (see Table 3 -NNM and Table 4 -KBM). Similarly, the empirical result of the impact of irrigation technology use on income for the entire households in the study area is presented in Table 3 (NNM) and Table 4 (KBM). Household income is not synonymous with cash income but is a computed value that includes cash income earned from various on-and-off farm employments; which are summarily grouped based on the sources which are agriculture wage employment, agriculture self-employment, non-agriculture self-employment, non-agriculture wage employment, remittances. In this study, different sources of household income were identified but we specifically used the crop income 3 . We found that crop farmers that used the irrigation technology had an average crop income increase of ₦92562.41k for NNM and ₦72517.40k for KBM than their counterparts in the counterfactual category. Increased crop income can be convincingly attributed to the fact that the irrigation technology focused on assisting smallholder farmers in the study area. This is part of the importance of the usage, to increase yield, develop profitable and resource efficient agro-enterprises. It will help to meet existing market opportunities as opposed to them marketing any surplus that they grew for subsistence. In Ethiopia, Mengistie et al. [55] found that the use of irrigation technology significantly improved crop income. Dananto et al. [15] [16] [17] also have the same submission on the positive and significant impact of irrigation technology use on crop income. Furthermore, we estimated the impact of the use of irrigation technology on food security proxied with the mean per capita food expenditure. Several studies [17, 56, 57] have submitted that developing countries cannot assure food security with rain-fed agriculture alone without a substantive contribution of irrigation. In congruence, we found that the use of the irrigation had a positive and significant relationship with the food security status of the crop farmers. The average treatment effect on the treated (ATT) of irrigation technology use on food security for the users was 51151.95 and 51791.66 for nearest to neighbor matching and kernel based matching respectively. Implicatively, usage of irrigation technology has increased the mean per capita food expenditure of the irrigation users by ₦51151.95k and ₦51791.66k. This is consistent with the findings of previous studies [58] [59] [60] [61] [62] .
Impact of irrigation technology use on crop yield, crop income and food security: Endogenous treatment regression model
Due to the problem of unobservable differences between the users and non-users of irrigation technology, the use of the PSM approach alone cannot provide a conclusion about the impact of irrigation technology use. As all the biases have not been controlled, the results could lead to overestimation or underestimation of the impact and be capable of providing erroneous policy recommendations. To be sure that the estimated impacts on crop yield, crop income and food security was due to the irrigation technology use and not a result of any other unobservable characteristics of the farmers, we employed the linear regression with endogenous treatment effects model. In this regression, we used awareness of irrigation technology (as instrument) that certified the exclusive restriction. This variable can influence usage but does not have any effect on the crop yield, crop income and food security except through irrigation technology use.
We estimated the ATT of being a user of irrigation technology on crop yield, crop income and food security and also included other covariates, such as number of gender, age, farm size, household size, rainfall information, formal education, occupation, drought experience, membership of social group and marital status. In addition, we also accounted for the heterogeneity effect of the treatment by interacting the treatment with three covariates, gender, credit access and contact with extension agents. The result of the analysis, which fitted the model well, is presented in Table 5 . With more robust estimation, there is consistence on the impact of irrigation technology use on the outcome of interest (crop yield, crop income and food security). Considering the value of the impact recorded, usage of the technology increased the crop yield, crop income and food security by 4647.94, 68379.62 and 44760.772 respectively. By implication, the usage of the irrigation technology has increase the crop yield by 4647.94 kglha, income generated from crop has also increased by ₦68379.62k while the mean per capita food expenditure was found to increase by ₦44760.77k due to the usage of the irrigation technology. As noted by researchers [3, 46, 61, 62] , adoption of improved technology is key to transforming rural economy, reducing poverty and improving livelihood outcomes.
Conclusion and policy recommendation
This study focused mainly on providing an answer to the question of how much impact the use of irrigation technology has had on crop yield and by extension how irrigation technology use has contributed to the improved crop income and food security of the users in Nigeria. We started by documenting the factors that drives the usage of the technology among the sampled farmers. We found that years of education, household size, rainfall information, access to credit, regional dummies are the main drivers of usage decision. The study has substantiated that irrigation in the study area has significantly improved the crop yield, crop income and food security. Meanwhile, it is noteworthy to state that improved outcomes of interest (crop yield, crop income and food security) cannot be solely attributed to use of irrigation. Irrigation use is complemented with the other productivity enhancing indicators (such as access and adoption of improved crop varieties, land access and tenure security, better market access for products, better input supply in the form of seeds, fertilizers, and other input technologies. Therefore, irrigation technology use is not a substitute for other productivity enhancing factors rather a complementary factor.
We suggest to policy makers, implementers, and any funding agencies with similar interest to further capitalize and scale up the irrigation technology facilities and create more awareness in order to achieve improving livelihood outcomes of rural households, especially to offset the effect of drought in the arid and in semi-arid regions which is mainly the Northern region of Nigeria. However, despite the positive impact of irrigation technology use, we contend that other sustainable irrigation sources, such as rainwater harvesting should be used due to possible environmental impact in the excessive use of irrigation technology. Moreover, rained agriculture can be improved with other farming techniques such as agroforestry and soil and water conservation practices. 
